Oomycetes are generally known as water molds, and include diverse plant pathogenic organisms. In this review, we summarized plant diseases mainly caused by oomycetes and highlighted ongoing trends in controlling and managing these pathogens using eco-friendly ways.
Introduction
Oomycetes, commonly known as water molds (Winter 1880) are detrimental plant pathogens infecting a wide range of host plants such as native weeds, ornamental plants, and trees (Erwin & Ribeiro 1996 , Margulis & Schwartz 2000 , van West et al. 2003 , Sanogo & Ji 2012 . The pathogenicity of oomycetes is rendered by their spore production, development of infecting structures, and dispersal of spores (Endo & Colt 1974 , Kramer et al. 1997 . In molecular aspects, effector proteins recognized by signature amino acid motifs RxLR (arginine, any amino acid, leucine, arginine), and dEER (a string of acidic amino acids followed by arginine) are known to facilitate the oomycetes virulence in host plant (Kale & Tyler 2011 , Tyler 2011 Oomycetes are being controlled by numerous approaches which include clean nursery stock, use of resistant varieties, chemical, physical, and systemic fungicides. Biological control agents (BCAs) are also used to suppress oomycetes and their related diseases (Pal & Gardener 2006 , Lee et al. 2005 . Aside from these, however, various Pythiumand Phytophthora-causing diseases exhibited the resistance to BCAs such as propamocarb, mefenoxam, and metalaxyl, no longer (Titone et al. 2009 , Moorman & Kim 2004 , Parra et al. 2001 . Therefore, development of more advanced and efficient biological control is of utmost necessity for future success to control oomycetes. This mini review summarized major diseases caused by oomycetous pathogens, efficient BCAs against oomycetous diseases, and their relevant mechanisms.
Major diseases caused by oomycetes
The plant pathogenic oomycetes contains many taxa and exhibit remarkably diverse lifestyles ranging from obligate biotroph to necrotroph (Agrios 2011) . General life cycle of these pathogens can be exemplified by Phytophthora capsici (Fig 1a) . Few representative disease symptoms caused by them are shown in (Fig  1b) . The diseases caused by major genera such as Phytophthora, Pythium, Peronospora, Albugo, and Aphanomyces are summarized in (Table 1) . Species of Pythium, Phytophthora, Aphanomyces and Rhizoctonia, etc. are known to cause damping-off disease (Agrios 2011) . Albugo candida causes white rust on Erysimum crassicaule (Mirzaee et al. 2009 ).
Soil borne Phytophthora and Pythium spp. are also widespread and cause major losses on crops of soybeans (Schmitthenner 1985) and avocados (Cohen 1981 , Darvas et al. 1984 . In addition, Phytophthora and Pythium spp. were responsible for many pre-and post-harvest problems on fruits and vegetables, including brown rot of citrus (Cohen 1981a , b, 1982 , Gutter 1983 , and black pod of cocoa (McGregor 1983 (McGregor , 1984 . Recently, new diseases are emerging caused by these oomycetes; for example, severe rotting and blight of seedlings of soybean (Tomioka et al. 2013) , root rot disease of legumes (Gaulin et al. 2007) , etc. New species were also reported in many crops: Pythium solare (wilt and death of adult plants of Phaseolus vulgaris) (de Cock et al. 2008) , Pythium myriotylum (root and crown necrosis) , Phytophthora bisheria (raspberry, rose, and strawberry diseases) (Abad et al. 2008) , Pustula sp. (sunflower white rust) (Rost & Thines 2012) , Pythium echinogynum (severe "damping-off pathogen" to tomato and cucumber seedlings) (Balghouthi et al. 2013) , etc. Some other oomycetes such as Phytophthora gallica (Jung & Nechwatal 2008) , Pythium indigoferae, and Pythium irregulare (Souli et al. 2011) caused diseases in oak and apple trees, respectively. 
Pathogen

Disease caused References
Phytopthora species Root rot pathogen of soybean Tyler 2007 , Souli et al. 2011 , Sang et al. 2013 Root and crown necrosis of bean Abad et al. 2008 Damping off disease Agrios 2011
Root rot on ginseng Sang et al. 2006 Cohen 1981a , Cohen 1981b , Cohen 1982 Pythium species Damping-off, root-rot Van West et al. 2003 , Schmitthenner 1985 , Cohen 1981a damping-off pathogen" to tomato and cucumber seedlings Balghouthi et al. 2013 Root rot disease of legumes Cohen 1981b , Cohen 1982 , Gutter 1983 , de Cock et al. 2008 , Balghouthi et al. 2012 Souli 
Biological control of oomycetes and mechanisms involved
Microorganisms from different sources such as rhizosphere and phylloshere can potentially reveal biological control effects against different plant pathogenic oomycetes. In mechanistic basis, these microorganisms control the target pathogens by antibiotic production, root colonization, nutrient competition, induced systemic resistance, plant growth promotion, mutualism, mycoparasitism, and predation. Some of the common bacteria, fungi, and actinomycetes against oomyceteous pathogens were summarized ( Table 2 ). The most effective bacterial isolates were Pseudomonas, Bacillus, Lysobacter, Enterbacter, and Paenibacillus. Fungi such as Trichoderma, endophytic Fusarium, and Ganoderma spp. also controlled oomycetes. Moreover, about 9% of the total number of isolated bacteria identified as Firmicutes, α-Proteobacteria, γ-Proteobacteria and Actinomycetes exhibited anti-oomycetic activity (Bibi et al. 2012) . Mechanisms of anti-oomycetic activity are mainly due to colonization, antibiotic production, hyphal lysis, sporangium abortion, oospore parasitism and siderophore production (Buysens et al. 1996 , Broadbent et al. 1971 , Drapeau et al. 1973 , Honor & Tsao 1973 , Broadbent & Baker 1974 , Wynn & Epton 1979 . Colonization of bacteria (e.g. Enterobacter cloacae) resulted in a competitive exclusion of nutrients from Pythium, Phytopthora capsici, and Phytophthora cactorum (Nelson 1988 , Sang et al. 2007 , Sang et al. 2006 . Various antibiotics and lytic enzymes produced by microorganisms revealed antagonism against oomycetes (Dunne et al. 1997 , Timmusk et al. 2009 , Muthukumar et al. 2011 . Recently, Streptomyces producing chitinase, ß-1, 3-glucanase, lipase and protease showed direct lysis of Phytophthora capsici hyphae (Nguyen et al. 2012) . In addition, Pseudomonas ûuorescens and Serratia plymuthi showed the antagonisms to Pythium aphanidermatum and Phytophthora capsici (Muthukumar et al. 2011 , Shen et al. 2002 . The compounds originated from Streptomyces koyangensis and Ganoderma appalantum restricted the growth of oomycetes (Lee et al. 2005 , Sudisha & Shetty 2009 ).
On the other hand, various BCAs were suggested to control oomycetes by modulating the induced systemic resistance (ISR) of host plants either directly or through volatile organic compounds produced by them (Benhamou et al. 2002 . Most of the BCAs reported are able to suppress more than one pathogen; however, some of them were pathogen specific and even some were host-specific showing selective influence of BCAs (Maurhofer et al. 1994 , Van Dijk & Nelson 2000 , Mavrodi et al. 2012 , Sang et al. 2013 . Combination treatment of bacteria-fungi or bacteriabacteria are also effective to control oomycetes (Dunne et al. 1998 , Muthukumar et al. 2011 .
Future perspectives
Development of anti-oomycetic BCAs is very important and utmost necessity for managing oomycetic diseases as it is considered as an alternative or a supplemental way of reducing the use of chemicals in agriculture (De weger et al. 1995 , Gerhardson 2002 . More researches should be carried out to elucidate the mechanism involved in the microorganism-pathogen interaction and to identify the novel efficient BCAs in future to establish sustainable BCAs against oomycetous diseases. Finally, we can conclude that different biological control approaches summarized in this review can shed light on future directions in developing and choosing different biological control agents against oomycetes.
